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Abstract 
A new kind of micro electrical discharge machining (EDM), piezoelectric self-adaptive micro electrical discharge machining, is 
proposed in this paper. The working mechanism of piezoelectric self-adaptive micro-EDM, which is based on inverse piezoelectric 
effect, is introduced. The new machining method, being different from the conventional micro-EDM, can realize self-regulation 
depending on discharge conditions. Some characteristics of piezoelectric self-adaptive micro-EDM, such as being benefited for 
removing the debris, reducing the occurrence of arcing/shorting circuits and realizing the self-elimination of short circuits, is talked 
about. Comparing with conventional micro-EDM, the discharge stability of the working process is improved greatly, and the 
machining efficiency is higher and the electrode wear ration is lower. A special micro-EDM machine is designed to realize 
mechanism of piezoelectric micro-EDM, the CNC software is developed with Visual C++2010 for the machine. Extensive 
experiments were done. The experimental results show that piezoelectric self-adaptive micro-EDM is an effective machining 
method for micro holes, micro slots and some micro structural parts. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor Bert Lauwers  
Keywords: Micro-EDM, Self-adaptive, Piezoelectric actuator; 
1. Introduction 
The science and technology has made a great 
progress since 21st century. A great benefit is gotten 
from the advanced science and technology. There are 
more and more new products coming in to being 
everyday, many new products become out of date in a 
very short time, at the same time the products are 
becoming smaller but smarter and more powerful [1-2]. 
To meet all kinds of people's desire, many small and 
complex parts are used in these new products to get 
better appearance and more powerful functions, as a 
result, the micro-fabrication technology become more 
and more popular. Many researchers spend a lot of time 
on micro-machining [3-7]. There are many kinds of 
micro-fabrication, such as LIGA, UV-LIGA, electron 
beam lithography, micro lathe turning, micro-EDM and 
so on [8]. 
Micro-EDM is developed from conventional EDM. It 
has no cut force; the equipment is simple and is easy to 
control. EDM is a kind of machining methods that make 
use of the electric corrosion of the discharge between 
electrode and workpiece to remove materials of the 
workpiece [9-11]. 
However, there are still some problems of micro-
EDM: because the operating voltage of EDM is very 
low, the pulse width is very narrow and the discharge 
gap is small, it s difficult to remove the electrical erosion 
from the discharge gap, the machining process is not 
very stable, short circuit and arc discharging often occur 
during machining. To solve these problems, many 
researchers use vibration to improve the EDM. Vibration 
can help remove the electrical erosion, but it may lead to 
more short circuit and arc discharging, making micro-
EDM difficult to control [12-15]. As a result, the 
machining efficiency and quality can t be ensured. 
This paper proposes a new kind of micro-EDM: 
piezoelectric self-adaptive micro-EDM. The new 
machining method, being different from the 
conventional micro-EDM, can realize self-regulation 
depending on discharge conditions. Comparing with 
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conventional micro-EDM, the discharge stability of the 
working process is improved greatly, and the machining 
efficiency is higher and the electrode wear ration is 
lower. 
2. The Mechanism of Piezoelectric Self-adaptive 
Micro-EDM 
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1. Z axis 2. Spindle 3. Workpiece 4. Piezoelectric actuator 5. Machine base 
6. Piezoelectric actuator enclosure 7. Work tank 8. tool electrode 
 
Fig.1 Structure of the piezoelectric self-adaptive micro EDM 
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Fig.2 Equivalent circuit 
 
The structure of the piezoelectric self-adaptive micro 
EDM platform is as show in figure 1. The piezoelectric 
self-adaptive micro EMD platform consists of DC 
motor, rotating spindle, tool electrode, workpiece, the 
work tank, the piezoelectric actuator and enclosure, 
power supply, two resistances and the machine base. The 
tool electrode is fixed on the rotating spindle and 
revolves with spindle during the machining. The 
workpiece is clamped in the work tank which is fixed to 
the piezoelectric actuators. 
Equivalent circuit is as shown in figure 2(a). The 
piezoelectric actuator acts as a capacitance in the circuit. 
However, the piezoelectric actuator could not bear large 
current in the circuit, so a series of resistance is needed 
to protect it from being damaged by large current. 
What s more, the capacity in the circuit should be 
adjustable to meet the requirements of piezoelectric self-
adaptive micro EDM, so an adjustable parallel capacity 
is added to the circuit. The improved circuit is as shown 
in figure2(b). The capacity of the piezoelectric actuator 
is constant. 
The work process of piezoelectric self-adaptive micro 
EDM platform is described as follows: firstly, turn on 
the power. The rotating spindle will begin to rotate and 
drive the tool electrode rotating too.  Move the electrode 
through the DC motor. Make sure that the distance 
between the tool electrode and workpiece is a little 
larger than the discharge gap of piezoelectric self-
adaptive micro EDM. Because there is no contact 
between the tool electrode and the work piece, so the 
circuit is open at the beginning, as a result the voltage 
between the tool electrode and the workpiece equals the 
supply voltage. The voltage of the piezoelectric actuator 
equals the supply voltage too. Then the capacitor and the 
piezoelectric actuators begin to charge. Because of the 
converse piezoelectric effect, the piezoelectric actuator 
will expense. The extended actuator pushes the work 
tank and workpiece up. Therefore, the distance between 
the tool electrode and the workpiece will decrease. 
When the distance is smaller than the discharge gap of 
piezoelectric self-adaptive micro EDM, the discharge 
will begin. When the discharge begins, the voltage 
between the tool electrode and workpiece decreases 
immediately. The voltage of the piezoelectric actuator is 
equal to the voltage between the tool electrode and 
workpiece, so it decreases too. Because of the converse 
piezoelectric effect, the piezoelectric actuator will 
shorten, and then it will pull the work tank and 
workpiece down. The distance between the tool 
electrode and workpiece will become bigger and bigger. 
When the distance is big enough, the discharge will be 
broken and the circuit becomes an open-circuit again. 
The voltage of the piezoelectric actuator and the voltage 
between the electrode and workpicec are equal to the 
voltage of the supply too. So the piezoelectric actuator 
will extend again, the system will repeat the above steps 
until there is no discharge. When there is no discharge 
the macro driven system will drive the electrode down, 
when the discharge gap reaches the best value for 
discharging, then the above steps will be repeated again 
until the machining is finished. 
3. Characteristics of Piezoelectric Self-adaptive 
Micro-EDM 
3.1. Eliminate the Short-circuit by Itself 
In piezoelectric self-adaptive micro-EDM, the 
piezoelectric actuator is paralleled with the tool 
electrode and workpiece. When a short circuit occurs, 
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the voltage between the electrode and workpiece 
decreases to 0, which is equal to the voltage of 
piezoelectric actuator, then the piezoelectric actuator 
will shorten and drive the workpiece down; the distance 
between the workpiece and electrode become larger and 
larger until the short circuit is eliminated. 
In the working process of piezoelectric self-adaptive 
EDM system, the electrode retracts after one spark 
discharge finished, which facilitates dielectric 
deionization. When short circuit turns up, the 
piezoelectric actuator discharges, contracts quickly and 
drives the electrode to retract, then the short circuit can 
be eliminated by itself. Figure 3 shows the discharge 
voltage waveform. The blue waveform is discharge 
voltage waveform of discharge gap; the red waveform is 
voltage waveform of piezoelectric actuator. From the 
discharge voltage waveform, it can be seen that the 
voltage of piezoelectric actuator fluctuates slightly when 
the discharge condition is stable, namely, the electrode 
vibrates slightly in the optimal discharge gap when 
discharge condition is stable. Short circuit occurs when 
the electrode and workpiece are in contact, and the 
voltage of piezoelectric actuator declines rapidly, 
simultaneously, the piezoelectric actuator contracts 
quickly and drives the electrode to retract until the short-
circuit condition is eliminated. Subsequently, 
piezoelectric actuator will be recharged and discharge 
turns up when discharge gap reaches the optimum area, 
the discharge processing is keeping on. 
 
 
Fig. 3 Discharge waveform 
3.2. Improve Processing Stability 
In piezoelectric self-adaptive micro-EDM, the 
workpiece vibrates periodically with the piezoelectric 
actuator; the vibration can improve the stability of 
micro-EDM. The pump-absorb action of the periodical 
vibration can push clean working dielectric into the 
discharge gap and push the electric erosion products out, 
the vibration can also accelerate the flow of working 
dielectric, which will flush the electric erosion product 
away from the discharge gap, what s more, the 
periodical vibration can break the channel of arc 
discharge, it will probably lead to the metastasis of 
discharge point, as a result, most of the short circuit and 
arc discharge can be prevented. 
While with the same experimental equipments, when 
the piezoelectric actuator is adopted, that s to say, when 
performs the experiment with piezoelectric self-adaptive 
principle, continuous discharges can be achieved and the 
discharge conditions are very well, no or few short 
circuits will occur. Figure 4 shows the discharge 
waveform that the piezoelectric actuator is not adopted. 
Compare figure 4 to figure 5, big difference can be 
found between two discharge waveforms, the waveforms 
vary widely. The waveform is continuous, uniform and 
intensive sparks will be found when the piezoelectric 
self-adaptive principle is adopted, which means that the 
machining capability of this new technology is good. 
 
 
Fig.4 Discharge waveform without piezoelectric actuator 
 
Fig. 5 Discharge waveform with piezoelectric actuator 
3.3. Improve Processing Efficiency 
The piezoelectric self-adaptive micro-EDM can not 
only adjust the discharge gap and discharge status by 
itself, but also eliminate the short circuit by itself. It can 
reduce the time of feeding back and sending commands 
of the system. 
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In conventional micro EDM, the servo system drives 
the electrode forward when there is no discharge and 
drives the electrode backward when the short circuit or 
arc discharge occurs. When the electrode moves 
backward, there is no discharge and it wastes a lot of 
time. In piezoelectric self-adaptive micro-EDM, there 
are two kinds of servo system: the macro servo system 
and the micro servo system. When there is no discharge, 
the macro servo system drives the electrode forward 
quickly, and then the micro servo system will drive the 
workpiece up and down. The micro servo system can 
eliminate short circuit and arc discharge automatically. 
When there is no discharge, the macro servo system will 
drive the electrode to move forward again. The electrode 
doesn t need to move backward in piezoelectric self-
adaptive micro-EDM. Thus piezoelectric self-adaptive 
micro EDM is more efficient than conventional micro 
EDM. 
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1. Machine base. 2. X-axis. 3. Y-axis. 4. Z-axis. 5. Piezoelectric actuator and enclosure. 6. workpiece. 7. Work tank. 8. Tool electrode. 9. Spindle. 
10. power supply and data acquisition system 
 
Fig.6 Structure of the piezoelectric self-adaptive micro-EDM machine 
 
Extensive experiments show that the piezoelectric 
self-adaptive micro EDM system can work even when 
the voltage is very low. 
3.4. Reduce the Electrode Wear 
The electrode wear is unavoidable in EDM. There are 
many factors that influence the electrode wear, such as 
the material of electrode, the machining parameters, and 
the working dielectric and so on. When short circuit or 
arc discharge occurs in EDM, the electrode wear would 
be worse. 
In piezoelectric self-adaptive micro-EDM the 
piezoelectric actuator drives the workpiece up and down, 
when the piezoelectric actuator shortens, the distance 
between the tool electrode and workpiece become larger, 
which helps 
more, the vibration of workpiece can accelerate the flow 
of working dielectric, then most arc discharge and short 
circuit can be avoided, as a result the abnormal electrode 
wear is reduced. 
4. The Piezoelectric Self-adaptive Micro-EDM 
Machine and Software 
4.1. Piezoelectric Self-adaptive Micro-EDM Machine 
The structure of the piezoelectric self-adaptive micro-
EDM machine is as shown in figure 6.  
The piezoelectric self-adaptive micro-EDM machine 
consists of macro servo system, rotating spindle, tool 
electrode, workpiece, working tank, piezoelectric 
actuator, the machine base, computer and data 
acquisition system. The macro servo system is PI nano 
position system; it consists of three high accuracy axes, 
three Mercury C863 controllers and the software. The 
data acquisitions system consists of a high speed data 
acquisition card, an AVR microcontroller, two A/D 
circuit and software. The Mercury C863 controller and 
AVR microcontroller are connected to the computer 
through RS232 interface, and the high speed data 
acquisition card is connected to the computer through 
USB interface. The Mercury C863 controller controls 
the movement of the three axes. The control system of 
the piezoelectric self-adaptive micro-EDM machine is as 
shown in figure 7.  
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Fig.7 The control system of the piezoelectric self-adaptive micro-EDM 
machine 
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The macro servo system drives the working tank and 
electrode to the right place during the machining. The 
Mercury C863 controller receives commands from the 
computer and controls the movement of the three axes. 
The Mercury C863 controller also detects the speed and 
position of the axis and sends them to computer. If an 
accident occurs, it would return error signal to computer. 
More than 70 commands are supported by the Mercury 
C863 controller, including the commands of setting the 
speed, acceleration and origin position, initialization 
commands, stop commands and so on.  
To realize the contact perception of the machine, a 
simple A/D circuit is used to detect the voltage between 
the tool electrode and workpiece and send data to the 
AVR microcontroller. The AVR microcontroller 
monitors the A/D circuit all the time when the voltage 
decreases to 0 it would send out a signal to inform the 
computer to stop the axis. 
The high speed data acquisition card and an A/D 
circuit are used to detect the discharge status of the 
piezoelectric self-adaptive micro-EDM during 
machining. The A/D circuit detects the average voltage 
between the tool electrode and workpiece. The high 
speed data acquisition card detects the average voltage 
and sends it to computer. The computer will send 
different commands to the Mercury C863 controller 
according to these data. 
4.2. The CNC Software for Piezoelectric Self-adaptive 
Micro-EDM Machine 
To meet the requirements of piezoelectric self-
adaptive micro-EDM, special CNC software is designed. 
The software is developed with Visual C++2010, which 
is based on PC which runs Microsoft windows XP 
professional operation system. PI Mercury GCS DLL.dll 
is used in the program to send commands to the C863 
controller. The CNC software supports 19 kinds of G 
codes. The GUI of the CNC software is as shown in 
figure 8. The software can record the history of 
piezoelectric self-adaptive micro-EDM. 
5. Experiments and Discussion 
5.1. Micro-holes Machining 
Micro-holes are widely used in many fields. As 
shown in figure 9. A series of hole are machined with 
the machine. The experiment parameters: open circuit 
voltage: E=50V; capacity: C2=4.7nF; resistance: 
 
oil; the thickness of the workpiece, which is made of 
tool steel, is 0.1mm; the spindle speed: n=2000rpm; the 
tool electrode is made of wolfram; Positive polarity 
machining. 
 
(a) 
 
(b) 
Fig.8 the GUI of the software 
 
  
(a)                                     (b) 
  
(c)                      (d) 
Fig.9 Micro holes 
5.2. Micro 3D Parts Machining 
To verify the characteristics and CNC machining 
ability of the piezoelectric micro-EDM machine, some 
simple micro 3D parts are machined. The workpieces 
shown in figure 10 are machined using the processing 
method based on hierarchical scan.  Real-time 
compensation based on the discharge gap of the servo 
control for electrode wear is adopted during in 
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experiments to improve the machining accuracy. The 
experiment parameters: open circuit voltage: E=60V; 
capacity: C2=10nF; resistance: R1 2
the working fluid is special EDM oil; the thickness of 
the workpiece, which is made of tool steel, is 0.1mm; the 
spindle speed: n=2000rpm; the tool electrode is made of 
wolfram; Positive polarity machining. 
  
(a)   (b) 
  
 (c)   (d) 
Fig.10 Micro 3D Parts 
 
The experiment results show that the machining 
ability and characteristics of machine meets the 
requirements of piezoelectric self-adaptive micro-EDM, 
the piezoelectric self-adaptive micro-EDM has a wide 
range of practical. 
6. Conclusions 
In this work, a new kind of micro-EDM, piezoelectric 
self-adaptive micro-EDM, is proposed. The working 
principle and mechanism of piezoelectric self-adaptive 
micro-EDM is discussed in this paper, the characteristics 
are analyzed. The result shows that the workpiece could 
expend or shorten during the machining, which can 
accelerate the deionization of the working fluid and help 
flush away the discharge erosions from the discharge 
gap, as a result, it can improve the stability of micro-
EDM, and decrease the electrode wear. Comparing with 
conventional micro-EDM, it can realized self-regulation 
depending on discharge conditions by itself, simplifying 
the design of micro-EDM equipment. 
A machine is designed according to the 
characteristics of piezoelectric self-adaptive micro-
EDM. To realize CNC machining, the software is 
developed with VC++ for the machine. Some 
experiments are conducted with the machine. The results 
show that the piezoelectric self-adaptive micro-EDM is 
an effective machining method for micro holes, micro 
slots and some micro structural parts. 
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